Participants (N = 17) chose between smaller, immediate and larger, delayed hypothetical money amounts in two laboratory sessions separated by 1 week. The choice procedure yielded equivalence points at which participants were indifferent between the smaller, immediate and the larger, delayed reward for eight different delays of the larger reward. These equivalence points then were used to estimate temporal discounting parameters according to three different discounting functions. A hyperbolic discounting function accounted for more of the variance than an exponential function, which replicated earlier research . Correlations across sessions showed that the discounting parameters were reliable, and that the equivalence points were reliable for delays greater than 1 month.
A key problem for understanding impulsiveness and self-control is understanding the manner in which the value of delayed rewards are discounted. In general, future rewards are less valuable than present rewards. For example, given a choice between $10 now and $20 next year, most people would choose the former even though it is only one half the amount of the latter. Describing change in reward value as a function of delay has been a long-standing and important issue in psychological research (e.g., Ainslie, 1975) . Two types of discount functions have received the most research attention: (1) exponential, v = Ae -kD, (Equation 1) which is commonin the economic literature (e.g., Becker & Murphy, 1988, cf. Kagel, Battalio, & Green, 1995, pp. 173-181) , and (2) hyperbolic, v = A / (1 + 1<0), (Equation 2) which is common in the psychological literature (e.g., Ainslie, 1992; Mazur, 1987; Rachlin, Raineri, & Cross, 1991) .ln both Equations 1 and 2, V, A, D, and k represent the present (discounted) value of a delayed reward, the amount of the delayed reward, the delay until receipt of the reward, and the discounting parameter, respectively (Green, Fry, & Myerson, 1994; Myerson & Green, 1995; Rachlin et aI., 1991) . A more complex version of Equation 2 has been suggested in which the denominator is raised to a power 1 (e.g., Green et aI., 1994) . V = A / (1 + l<O)s
(Equation 3)
A critical difference between the exponential and hyperbolic functions is that, in the former, equal increments in delay produce constant proportional decrements in reward value, while in the latter, equal increments in delay produce larger decrements in value at short delays than at long delays. Studies that have directly compared Equations 1 and 2 generally have found evidence in favor of Equation 2 (Kirby, 1997; Mazur, 1987; Myerson & Green, 1995; Rachlin et aI., 1991; Vuchinich & Simpson, 1998) .
Early research on temporal discounting typically used nonhuman subjects in highly controlled laboratory conditions, allowing considerable confidence in the reliability of the measures of discounting (e.g., Mazur, 1987; Rodriguez & Logue, 1988) . More recent research has studied delay discounting with human participants by having them make multiple choices between hypothetical money amounts in a single laboratory session (e.g., Green et aI., 1994; Kirby & Marakovic, 1996; Rachlin et aI., lSome authors (e.g. , Loewenstein & Prelec, 1992; Myerson & Green, 1995) have proposed more general versions of Equation 3 in which the s parameter is decomposed into a ratio of two other parameters. Data from the current study permit meaningful empirical estimations of the s parameter, but not of any other parameters into which s may be decomposed. Thus, we will not comment on these more general versions of Equation 3. 1991). Importantly, several studies have found relations between laboratory measures of temporal discounting and behavior patterns in the natural environment that are thought to be influenced by temporal discounting, such as heavy alcohol use (Vuchinich & Simpson, 1998) , opioid use (Madden , Petry, Badger, & Bickel, 1997) , and diet and exercise (Chapman & Winquist, 1996) . Given that the size of the statistical indices used to assess these validity relationships is constrained by the reliabilities of the two measures, the reliability of commonly used laboratory measures of temporal discounting needs to be determined. The purpose of this study was to examine the reliability of one such measure of temporal discounting over a 1-week interval. We used the procedure that was developed by Rachlin et al. (1991) , which we will call the Hypothetical Money Choice Task (HMCT), and that has subsequently been used by several research groups (e.g., Green et aI., 1994; Green, Myerson, Lichtman, Rosen, & Fry, 1994; Green et aI., 1996; Madden et aI., 1997; Myerson & Green, 1995; Raineri & Rachlin, 1993; Vuchinich & Simpson, 1998) .
Method

Participants
Seventeen college student volunteers (11 women and 6 men, Mage = 19.1 years) participated in two experimental sessions and received 1 hour of extra course credit per session for their participation.
Procedure
Participants were tested individually in a quiet room that contained a table, chair, and computer with SVGA monitor. Participants completed an automated version of the HMCT, which yields multiple measures of the amount of immediately available (hypothetical) money that is subjectively equivalent to a larger amount available after a set of delays. These multiple subjective equivalence pOints are then used to estimate the temporal discounting parameters.
Participants repeatedly chose between a larger fixed-amount of money ($1,000) available after a delay and a smaller amount of money that was available immediately. There were two series of trials. On each trial series, the large delayed money amount was constant across trials, and the smaller immediate money amount was changed on each trial. The smaller immediate money amounts consisted of 30 values ranging from 0.1 % to 100% of the larger fixed amount (cf. Rachlin et aI., 1991) (i.e., $1, $5,$10, $20,$40,$60,$80,$100,$150,$200,$300, $350,$400,$450, $500, $550, $600, $650, $700, $800, $850, $900, $920, $960, $980, $990, $1,000) . Each trial series was repeated 8 times with different delays for the larger fixed-amount reward: 1 week, 1 month, 6 months, 1 year, 3 years, 5 years, 10 years, and 25 years. In one trial series, the immediate smaller money amounts were presented in ascending order, and in the other series they were presented in descending order. Participants completed all 30 choice trials for each ascending and descending monetary amount at each of eight delays, resulting in a total of 480 trials per participant in each session .
Participants were read the following instructions prior to beginning the HMCT:
The purpose of this experiment is to see how you make decisions concerning imaginary amounts of money. Two amounts of money will appear on the monitor. A decision takes place when you press the "AI > or "8" key on the keyboard. Your job is to choose which of the two amounts of hypothetical money is most appealing to you. All choices are unrelated; please do not attempt to plan ahead. Just judge each amount based on what is most appealing to you. You must make your choice within 10 seconds after the choice is presented.
After the instructions, participants were shown the "A" and "8" keys on the keyboard, and the session began. Two amounts of money were displayed on the monitor on each trial. The amount displayed on the left side of the screen was the delayed fixed amount ($1,000), under which was displayed the delay of receipt (e.g., ''TO 8E RECEIVED IN 6 MONTHS"). The amount displayed on the right side of the screen was the immediate reward (e.g., $650), under which was displayed the message ''TO 8E RECEIVED IMMEDIATELY:' A message displayed on the bottom of the screen read ''Which do you choose (A or 8)?" The screen went blank after the participant made a choice by pressing either the "A" or "8" key, with a 1.5-s delay before the next choice was presented.
We used the procedure of Green et al. (1994) for determining the subjectively equivalent immediate amounts for each fixed amount at each delay. These equivalence points were calculated by averaging two values: (a) the value at which the participant switched preference from the immediate to the delayed reward when the immediate rewards were presented in descending order, and (b) the value at which the participant switched preference from the delayed to the immediate reward when the immediate rewards were presented in ascending order.
Following completion of Session 1, participants were told that they were eligible to earn additional extra credit the following week for participating in additional computer choice tasks. Information regarding the nature of the tasks to be completed in the second session was not provided, and participants were not informed that they would be asked to complete a second administration of the HMCT in Session 2. Each participant completed a second experimental session that was identical in procedure either 6 or 7 days after completion of Session 1.
Results
Individual participants' equivalence pOints for both sessions are shown in Figure 1 , and descriptive statistics for these data are shown in Table 1 17 participants. For 2 of the participants (S1 and S10), neither equation accounted for more variance in the data than the mean from both sessions, indicating that their data were not adequately described by either equation (Myerson & Green, 1995) . The data for these participants were therefore excluded from any further analyses involving Equation 1 and Equation 2
discounting parameters. bR2 of .000 indicates that the function accounted for less of the variance than did the mean. provided a fit to the data for S1 and S10, whereas Equation 1 and Equation 2 did not, and that the log transformation substantially reduced the skewed ness and the kurtosis in the distributions of k and s.
Relation of the Results to Earlier Research
Because some studies (e.g., Myerson & Green, 1995; Vuchinich & Simpson, 1998) Myerson and Green (1995) also reported that 7 of their 12 participants (58%) had an s parameter from Equation 3 that was significantly less than 1.0. These tests were conducted by subtracting the value of the s parameter from 1.0 and dividing the difference by the standard error of the parameter estimate. Such ratios are distributed as t with (n -p) degrees of freedom, where n is the number of data points and p is the number of parameters (Gallant, 1987) . Performing these tests on the s parameters in the current data revealed that, in both sessions, 9 of the 17 participants (53%) showed s parameters that were significantly less than 1.0.
Relations Between Data Across Sessions
We assessed the relations across sessions for the equivalence points and the discounting parameters with both correlated group t tests and Pearson correlations. The equivalence point distributions were skewed and kurtotic only at the 1-week and 1-month delay, and a log transformation did not substantially change the results of the analyses. Thus, the analyses based on the raw data are reported here. All of the discounting parameter distributions were skewed and kurtotic, and a log transformation produced substantial changes in the analyses. Thus, the analyses based on the transformed data are reported here. Excessively influential cases in the correlations were identified with a Cook's D statistic that approached or was greater than 1.0. When this occurred, the correlations were recomputed with the influential cases excluded.
Equivalence points. The t tests comparing the Session 1 and Session 2 equivalence points at each delay revealed a significant difference only at the 6-month delay (See Table 1 extreme lower left corner of the upper left panel in Figure 2 ). With this case removed, the reliability correlation at the 1-week delay was reduced from r = .89 to r = .03. As Figure 2 shows, the equivalence pOints were highly reliable at delays greater than 1 month. Discounting parameters. The t tests comparing the Session 1 and Session 2 discounting parameters were not significant for the Equation 1 k ( 
Discussion
The points of contact of the present data with earlier research that employed similar methods replicated those earlier findings, which lends credence to the quality of the present data. Equation 2 accounted for more variance in the individual participants' equivalence points than did Equation 1, which had been reported earlier by Rachlin et al. (1991) , Myerson and Green (1995) , and Vuchinich and Simpson (1998) . Also, as in Myerson and Green (1995) , the current results showed that Equation 3 accounted for more variance than Equation 2, which is not surprising given that Equation 3 has two free parameters (Myerson & Green, 1995) , and that slightly over one half of participants had s parameters that were significantly less than 1.0.
Most important for the present purposes, the equivalence points and the discounting parameters were stable and reliable across the two sessions. Regarding the equivalence pOints, only one of the eight sets at the different delays showed a significant change between sessions, which indicates that the group-level equivalence points remained essentially constant over a 1-week interval. The between-session correlations were low at the 1-week (after removing the excessively influential case) and 1-month delays, but were quite high at delays beyond 1 month, which indicates that the equivalence pOints were reliable at six of the eight delays. Inspection of Table 1, Figure 1 , and Figure 2 shows that the between-participant variability in the equivalence pOints was substantially smaller at the 1-week and 1-month delays compared to the longer delays. Thus, the size of the between-session correlations at the two shortest delays would have been constrained by this truncated variability. This would appear to be an inevitable part of the HMCT procedure, given that, compared to the longer delays, relatively small decreases in present subjective value occurred at short delays ( Figure 6 of Rachlin et aI., 1991, also illustrates this point) . Differences between participants in discounting became more pronounced only at the longer delays, and such betweenparticipant variability is necessary but not sufficient for a sizable betweensession correlation.
Regarding the discounting parameters, none of the four discounting parameters from the three discounting functions showed significant changes between sessions, which indicates that the group level data remained constant across the 1-week interval. Inspection of Figure 3 shows that all four discounting parameters showed adequate reliability across sessions, although the correlations for Equation 1 k and Equation 2 k were somewhat higher than those for Equation 3 k and s.
These discounting parameters were derived from equivalence points that were generated by participants making 480 discrete-trial choices per session, and the participants did not know prior to the second session that they would be performing the same task as the first session. Thus, the high between-session correlations for the equivalence pOints and the parameters are unlikely to have been due to the participants remembering and repeating their Session 1 choices in Session 2. Instead, these between-session correlations are much more likely to represent high reliability in the measurement of temporal discounting with the HMCT. This indicates that the strength of the relations that have been reported between temporal discounting as measured by the HMCT and other, naturally occurring, behavior (e.g., Madden et aI., 1997, for opoid use and Vuchinich & Simpson, 1998 , for alcohol use) were not seriously constrained by low reliability in the measurement of discounting. It also indicates that future research with the HMCT can proceed with confidence in the reliability of the measures it yields, at least over 1-week intervals.
Whether or not the measures of temporal discounting would remain consistent over temporal intervals longer than 1 week obviously cannot be answered by these data. This is an important empirical question that involves both conceptual and methodological considerations. Measures of discounting mayor may not be expected to remain constant over longer temporal intervals, depending on the variables of which discounting is conceived to be a function and whether or not these variables change during the interval.
Temporal discounting can be viewed as a stable individual difference variable, similar to a personality trait. This conception would lead one to expect measures of discounting to remain consistent over long intervals, and concerns about consistency of measurement over time reduce to concerns about reliability of measurement. Another possible conception is that the discounting parameters measured in this laboratory procedure are more a function of some feature of the partiCipants' environments than of some temporally and cross-situationally consistent personality trait (cf. Vuchinich & Simpson, 1998) . This conception would lead one to expect measures of discounting to remain constant over time only if those environmental features remained constant. For example, Myerson and Green (1995) hypothesized that individual participants' k parameters are a function of the duration between choice opportunities in their environments. If this hypothesis were correct and if those durations changed between two temporally separated measurements of k, then any change in k across measurements could accurately represent changes in the value of k and not just lack of reliability in the measurement of a stable k value. Thus, if the measurement of discounting parameters reflects features of individuals' environments instead of or in addition to features of a stable personality structure, then concerns about consistency of measurement over time includes concerns about both accuracy and reliability of measurement.
Those considerations led us to use a 1-week interval between sessions in the current study. Because neither participants' environments nor their personality structures would change significantly over a 1-week interval, low between-session correlations for the discounting parameters would have clearly indicated that the parameters are not being measured reliably by this procedure, regardless of how discounting is conceived . Conversely, if we had used a longer interval between sessions (e.g., several months), then low between-session correlations would have been ambiguous regarding whether they were due to low reliability of measurement or to accurate measurement of actual changes in the value of the discounting parameters, or both. The current results indicate clearly that discounting can be measured reliably over brief intervals, although the ambiguity of how best to conceive of discounting remains unresolved. Resolving that ambiguity was not the goal of this study, but it can now be approached in future research with greater, but qualified, confidence in the reliability of measures derived from the HMCT.
